Introduction
Acinetobacter spp. are emerging as a major cause of nosocomial infections or in outbreaks of cross-infection, particularly in intensive care units, where antimicrobial use is greatest and the host is most susceptible. [1] [2] [3] Acinetobacter baumannii is the most frequently isolated Acinetobacter spp. in human infections. It is ubiquitous and can be isolated from soil, water, human skin and the environment. It is resistant to many of the antibiotics currently used, and resulting infections are often difficult to treat. Particularly it is frequently resistant to most of the -lactams and aminoglycosides. 4, 5 One way to overcome the problems of the emergence of resistance is to use new antimicrobial compounds and/or combination therapy. In the last few years many polypeptides have been isolated from a wide range of animal, plant and bacterial species. 4 Recent reports hypothesize that these compounds cross the outer membrane of Gramnegative bacteria via the self-promoted uptake pathway. The initial step in this process should be a high-affinity binding of the peptide to surface lipopolysaccharide (LPS), causing the displacement of divalent cations that stabilize adjacent LPS molecules. 6 Additionally, this event may lead to self-promoted uptake of the destabilizing compound across the outer membrane and subsequent channel formation in the cytoplasmic membrane, resulting in cell death. Finally, it has been shown that the peptides may act by inserting into the cytoplasmic membrane and triggering the activity of bacterial murein hydrolases, resulting in damage or degradation of the peptidoglycan and lysis of the cell. 7 In this study we investigated the in vitro activity of buforin II, cecropin P1, indolicidin, magainin II and ranalexin alone and in combination with eight clinically used antimicrobial agents against 12 multidrug-resistant nosocomial isolates of A. baumannii.
Materials and methods

Organisms
The quality control strain A. baumannii ATCC 19606 and 12 nosocomial isolates of A. baumannii were tested. They were isolated from distinct patients with unrelated sources of infection over a 5 year period.
Antimicrobial agents
Buforin II, cecropin P1, indolicidin, magainin II and ranalexin were obtained from Sigma-Aldrich (Milan, Italy). 
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MIC and MBC determinations
The MIC of polycationic peptides was determined using a microbroth dilution method with Mueller-Hinton (MH) broth (Becton Dickinson Italia, Milan, Italy) and an initial inoculum of 5 ϫ 10 5 cfu/mL. Polypropylene 96-well plates (Sigma-Aldrich) were incubated for 18 h at 37°C in air. The MIC was defined as the lowest peptide concentration that reduced growth by more than 50% of that in the control well. 8 The number of viable organisms in each well was determined by performing 10 -6 dilutions and plating 10 L of each dilution on to MH agar plates and incubating overnight. The MBC was determined by plating out the contents of the wells showing no visible growth of bacteria on to MH agar plates and incubating at 37°C for 18 h. The MBC was defined as the lowest concentration of each drug that prevented any residual colony formation. 8 Experiments were performed in triplicate.
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Bacterial killing assay
To study the in vitro killing effect of the peptides the control strain ATCC 19606 and two representative strains of A. baumanii, Ab-03.96 and Ab-02.98, were selected. The former was the most susceptible to all the peptides, the second the least susceptible. Aliquots of exponentially growing bacteria were resuspended in fresh MH broth at c. 10 7 cells/mL and exposed to each peptide at 4 ϫ MIC for 0, 5, 10, 15, 20, 25, 30, 40, 50 or 60 min at 37°C. After these times samples were diluted serially in 10 mM sodium HEPES buffer (pH 7.2) to minimize the carryover effect and plated on to MH agar plates to obtain viable colonies.
Synergy studies
In interaction studies, the three strains mentioned above were used to test the antibiotic combinations by a chequerboard titration method using 96-well polypropylene microtitre plates. Chloramphenicol, co-amoxiclav, aztreonam, netilmicin, ofloxacin, piperacillin, ceftazidime and meropenem were tested in combination with each peptide at a temperature of 35°C. The ranges of drug dilutions used were 0. 
Results and discussion
The A. baumannii isolates were more susceptible to buforin II (MIC range 0.25-16 mg/L), magainin II (range 0.50-16 mg/L) and cecropin P1 (range 0.50-32 mg/L) and less susceptible to indolicidin (range 2-64 mg/L) and ranalexin (range 2-64 mg/L) ( Table I) . In vitro viable counts did not show important differences between the control strain ATCC 19606 and the two representative strains, Ab-03.96 and Ab-02.98. Killing by buforin II was shown to be the most rapid: its activity was complete after a 10-15 min exposure period. Killing by cecropin P1, magainin II and 809 Table II indolicidin was complete after a 15-20 min exposure period, while killing by ranalexin was complete after a 20-25 min exposure period.
In the combination studies synergy was never observed, with the exception of the combinations between magainin II and -lactam antibiotics. FIC indexes in the range 0.187-0.375 were observed by testing magainin II combined with each -lactam, while the other experiments gave values between 0.750 and 2.0 (Table II) .
This study emphasizes the importance of the search for alternative antibacterial agents. Buforin II, cecropin P1 and magainin II were highly active against these multiresistant organisms and showed a rapid bactericidal effect. Interestingly, these observations are in agreement with recent reports that showed that killing by peptides was very rapid and resulted in log orders of cell death within minutes of peptide addition. 6 Combination studies showed that magainin II acted synergically with -lactams. The mechanism of this positive interaction remains largely unknown, even though it might be caused by increased access of the -lactam antibiotics to the cytoplasmic membrane following breakdown of peptidoglycan by magainin II.
Magainins are produced by the African clawed frog Xenopus laevis. They are ␣-helical ionophores that dissipate ion gradients in cell membranes, causing lysis. 10 The helical, amphiphilic structure is responsible for their affinity for membranes. It has been shown that an increase in their concentration caused the artificial lipid bilayer thickness to decrease, suggesting adsorption within the headgroup region of the lipid bilayer. Moreover, magainin II is non-haemolytic and this property may result from a peptide-cholesterol interaction in mammalian membranes that inhibits the formation of peptide structure capable of lysis. The powerful antibacterial activity and the synergic interactions demonstrated between magainin II and -lactam antibiotics against a selected panel of an important contemporary multidrug-resistant Gram-negative pathogen make the cationic peptides potentially valuable as an adjuvant for antimicrobial chemotherapy. Nevertheless, very few in vivo studies of cationic peptide action have been published and there are unanswered concerns about in vivo efficacy and unknown toxicities. Future research towards these objectives based on animal models is needed.
